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www.e-arm.org develops as a result of damage to subcortical brain areas without loss of cortical function in Broca's or Wernicke's areas. Subcortical aphasia can result from lesions in the basal ganglia, white matter tracts, or thalamus [7] [8] [9] [10] .
Various language abnormalities develop after stroke as a function of the affected subcortical brain region; striato-capsular aphasia is associated with impaired executive language functions such as word fluency and sentence generation, but it largely spares responsive language functions such as comprehension, repetition, and naming [11] . Thalamic aphasia may produce dysfunction at the prelinguistic level, such as impairments in concept generation [12] and dysfunction in the control of preformed speech patterns [13] . For aphasia related to white matter lesions, the primary language dysfunction is an impairment in speech motor output [14] .
Previous studies have reported that the type and severity of aphasia may vary following subcortical stroke [12, 15] , but the pattern of symptoms and the factors associated with the severity of aphasia have not been fully explored. In the present study, we aimed to evaluate the types and severity of post-stroke subcortical aphasia by using standardized language evaluation tools and to identify the factors associated with the severity of subcortical aphasia.
MATERIALS AND METHODS
Medical records of patients with a first-time stroke, admitted to Seoul National University Bundang Hospital from June 2003 to June 2010, were reviewed retrospectively. After reviewing the results of the Korean version of the Western Aphasia Battery (K-WAB) [16] , post-stroke aphasia patients with subcortical brain lesions were included. Patients were excluded from the study if they had accompanying (1) cortical aphasia, (2) traumatic brain injury, (3) a brain tumor, (4) a neurodegenerative disease, or (5) if they were found to have suffered multiple strokes. This study was approved by the Institutional Review Board of Seoul National University Bundang Hospital (IRB No. B-1101-120-110). Lesion locations were identified after a review of patients' brain MRIs.
Aphasia was assessed using K-WAB [16] administered by a speech-language pathologist (SLP) (number of poststroke days prior to evaluation, 29.9±23.0 days). The K-WAB consists of evaluation of specific components of oral language (subtests) such as spontaneous speech, auditory verbal comprehension, repetition, naming, reading and writing. The scores on these specific components were used for the classification of the aphasia subtype, according to Kertesz's method [17] . For evaluation of the severity of aphasia, which was based on oral language profiles of K-WAB, the aphasia quotient (AQ), and the language quotient (LQ) were used [18] . The AQ was calculated using the following formula: AQ= (fluency score+comprehension/20+repetition/10+ naming/10)×2
The LQ reflects reading and writing performance as well as auditory comprehension and oral expression. The LQ was calculated using the following formula [19] :
naming/10+reading/5+writing/5
Additionally, medical records for the functional status were also reviewed: the Korean version of the Modified Barthel Index (K-MBI) [20] , which was used to measure performance in activities of daily living; and the FuglMeyer Index of sensorimotor function (FMI) for the upper (UEx) and lower extremities (LEx) [21] . Handedness was determined by assessing the hand used for writing, feeding, throwing, and cutting with knives and scissors. Left-versus right-handedness was determined if a subject exhibited a preference for the same hand in more than 3 of 5 questions taken from the Edinburgh Handedness Inventory [22] . Patients were stratified by gender, handedness (right, left, or both), level of education, and type of stroke (infarction or hemorrhage).
To verify the effect of sex and stroke etiology on language profiles, an unpaired Student t-test was used. For comparisons between the clinical characteristics (age, post-stroke evaluation days, duration of education) and K-WAB scores for independent groups of aphasia type and brain lesion, an analysis of variance (ANOVA) was performed. Post-hoc analysis was performed by using Fisher LSD method to assess inter-group differences. Pearson correlation coefficient was used to evaluate the correlation between aphasia severity (AQ and LQ) and clinical characteristics. A multivariate logistic regression analysis (forward, stepwise) was performed to determine
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www.e-arm.org the factors associated with aphasia severity. All statistical tests were two-tailed, and p-values <0.05 were considered statistically significant. Values were presented as mean±standard deviation. Statistical analyses were carried out using SPSS for Windows ver. 20.0 (IBM, Armonk, NY, USA).
RESULTS
Thirty-eight aphasic patients (19 males) with left subcortical stroke were enrolled in the study. Seventeen (44.7%) patients had infarcts and 21 (55.3%) patients had hemorrhages. The mean age was 61.7±13.8 years. All patients were right-handed. The mean post-stroke duration was 29.9±23.0 days (range, 6-99 days). The mean years of education were 11.1±5.0 years (range 0-18 years).
The types of aphasia, in order of the most to the least common, were anomic aphasia (n=15, 39.5%), global aphasia (n=6, 15.8%), Broca's aphasia (n=6, 15.8%), Wernicke's aphasia (n=6, 15.8%), mixed transcortical aphasia (n=3, 7.9%), and transcortical motor aphasia (n=2, 5.3%). Among the types of aphasia, there were no significant differences in age, post-stroke evaluation days, MBI, FMIUEx, FMI-LEx, or length of education. There were very few cases with mixed transcortical aphasia (n=3), transcortical motor aphasia (n=2) and basal ganglia plus thalamic lesion aphasia (n=1) to perform post-hoc analyses.
The K-WAB revealed that patients with anomic aphasia showed significantly higher scores for fluency, comprehension, repetition, naming, reading, writing, AQ, and LQ than those with any other type of aphasia (p<0.05 by LSD analysis). Patients with global aphasia presented the lowest scores for comprehension, repetition, naming, reading, AQ, and LQ (p<0.05 by LSD analysis). Patients with Broca's aphasia had significantly higher comprehension scores than those with Wernicke's aphasia (p=0.02 by LSD analysis), while they had significantly lower scores for fluency, repetition, and AQ (p<0.05 by LSD analysis) ( Table 1) .
Patients with stroke confined to the basal ganglia scored significantly lower on the FMI-UEx than patients with stroke confined to the white matter (p=0.03 by LSD analysis) or white matter plus basal ganglia (p=0.04 by LSD analysis) lesions. However, there were no significant differences in age, sex, post-stroke delay in onset, years of education, or language profiles between brain lesions (p>0.05). Patients with aphasia associated with lesions in the basal ganglia showed worse AQ (38.8%±25.7% vs. 61.3%±32.4% vs. 61.7%±32.1%) and LQ (40.4%±27.9% vs. 62.2%±35.8% vs. 63.9%±35.2%) compared to those with aphasia associated with white matter and thalamic lesions, respectively, but this difference was not statistically significant (Table 2 ). There were no statistically significant differences in language profiles according to sex and stroke etiology (infarction vs. hemorrhage) (p>0.05) (data not shown).
Patients with lesions in the basal ganglia (n=19) were found to have either anomic aphasia (n=5), global aphasia (n=4), Broca's aphasia (n=6), or Wernicke's aphasia (n=4). Patients with white matter lesions (n=8) had either anomic aphasia (n=5), global aphasia (n=1), Wernicke's aphasia (n=1), or mixed transcortical aphasia (n=1). Basal ganglia and white matter lesions (n=3) were associated with anomic aphasia (n=1), mixed transcortical aphasia (n=1), and transcortical motor aphasia (n=1). Patients with thalamic lesions (n=7) had either anomic aphasia (n=4), global aphasia (n=1), Wernicke's aphasia (n=1), or mixed transcortical aphasia (n=1). When a thalamic lesion was accompanied by a lesion in the basal ganglia, transcortical motor aphasia was observed. We also compared the patients in the two lesion groups: basal ganglia (n=23) vs. non-basal ganglia (n=15); white matter (n=11) vs. non-white matter (n=27); and thalamic (n=8) vs. nonthalamic (n=30) ( Table 3 ). These comparisons did not yield any significant differences in language profiles or clinical characteristics, except for the delay in onset of aphasia after stroke (43.9±5.8 days vs. 26.1±17.1 days, respectively, p=0.05) only in the thalamic (n=8) and nonthalamic (n=30) comparison.
Pearson correlation coefficients between language profiles and demographic data are presented in Table 4 . There were significant relationships between MBI, FMILEx, and aphasia severity (AQ and LQ) (Fig. 1) . After multivariate logistic regression (forward, stepwise), K-MBI remained the only independent predictive factor for aphasia severity (p=0.01) ( Table 5 ).
DISCUSSION
In our study, anomic aphasia was the most frequent subtype of subcortical aphasia, while global aphasia was the most common type of cortical aphasia. The severity
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www.e-arm.org of subcortical aphasia was milder than that of cortical aphasia as reported in our previous study [23] . The aim of this study was to evaluate the linguistic features of post-stroke subcortical aphasia, and to determine the predictors (i.e., lesion type and clinical characteristics) of the degree of aphasic impairment. We performed standardized language evaluation tests in post-stroke subcortical aphasia patients.
Cortical aphasia has been reported to correlate well with the type and severity of aphasia [23] . However, our data indicate that subcortical aphasias do not show any correlation between lesion location and the type and severity of aphasia. These findings are consistent with previous studies [1] . The fact that the same subcortical brain lesion elicited different types of aphasia suggests that rather than direct action, essential components of language networks, subcortical structures have an indirect and multifaceted effect on language [1, 8] .
In previous studies, the most common type of cortical aphasia reported were global aphasia [23] and anomic aphasia [11, 24] . Subcortical aphasia is usually associated with a higher language performance compared to cortical aphasia [23, 25] . The present study confirmed that anomic aphasia is the most frequent type of subcortical aphasia, and that this type of aphasia exhibits a higher level of language profile compared to cortical aphasia as noted in our previous study [23] . Additionally, patients with global aphasia (AQ, 10.2%±5.7%) presented the worst language features, while those with anomic aphasia (AQ, 80.5%±12.0%) presented the mildest impairment. In this study, subcortical aphasia was classified into striato-capsular aphasia, thalamic aphasia, and aphasia associated with white matter lesions. Generally, cortical aphasia is caused by a brain lesion in Broca's or Wernicke's area, which is supplied by the middle cerebral artery (MCA). The incidence of aphasia as a result of a defect in the posterior cerebral arterial (PCA) supply is considerably lower [26] . Consistent with this finding, in These cases were incorporated into the basal ganglia or white matter lesion group.
This case was incorporated into the thalamic lesion group.
www.e-arm.org this study, we observed that subcortical aphasia caused by PCA occlusion (8 cases) was less frequent than subcortical aphasia caused by compromised MCA supply (30 cases). However, these results did not reflect the general tendency of brain lesions in subcortical aphasia. The principal brain regions associated with language are cortical areas such as Broca's and Wernicke's areas. Usually, patients with thalamic aphasia showed more severe forms of defective comprehension and a reduction of spontaneous verbal output in comparison to those with other types of aphasia [12] . However, the language profiles in the present study were not significantly different between these groups. Binary classification (thalamic lesion vs. non-thalamic lesion) revealed that the poststroke evaluation delay in thalamic aphasia was significantly longer than that in non-thalamic aphasia, indicating the possibility of speech recovery in thalamic aphasia patients.
Aphasia has been associated with severe physical disability [27] . Moreover, severe aphasia has been associated with more profound impairments and an increased lack of autonomy in activities of daily living (ADL) than that in www.e-arm.org patients without aphasia or with mild aphasia [28] . Consistent with these studies, aphasia has also been associated with more severe impairment in social activities and less complete recovery of social activities [29] .
In the present study, MBI was associated with the severity of aphasia, and it was the factor that correlated with AQ and LQ. These results indicate a close relationship between aphasia and patients' functional status. Based on this finding, the severity of aphasia can affect the functional outcome after stroke [30] and aphasia might influence the extent of ADL dependency. Thus, speech therapy for subcortical aphasia patients could improve their functional status by improving their communication skills.
Patient age was not correlated with the severity of aphasia in the current study. Consistent with this finding, a previous study reported no age differences between patients with fluent or non-fluent aphasia after acute stroke [31] . We suggest that true aphasia may have been masked by temporary non-fluent aphasia in acute stage, which may be due to diaschisis or the penumbra phenomenon [31] . Additionally, sex was not a significant factor affecting the severity of aphasia [32] . The influence of stroke etiology had not been determined prior to the present study. Here, we report that the severity of aphasia does not appear to be influenced by stroke etiology.
Our study did not evaluate the relationship between the extent of subcortical lesions and aphasia severity, which is a significant limitation. Some previous studies have reported that subcortical lesion volume and aphasia severity are not correlated [1, 33] , while other studies have reported that the severity of subcortical aphasia was closely related to the extent and severity of cerebral cortical hypoperfusion identified by brain perfusion SPECT [4, 12, 34] . Therefore, functional neuroimaging studies are needed to resolve this controversial issue. Additionally, this study used K-WAB as an aphasia evaluation tool, but we did not evaluate other speech dysfunctions such as hypophonia, dysarthria, or apraxia of speech, which may accompany subcortical stroke. Moreover, this study showed a wide range of post-stroke onset duration because of the retrospective chart review even though it was regarded as the subacute stroke phase. Thus, comprehensive language evaluation with prospective recruitment of patients should be considered in the future.
In summary, post-stroke subcortical aphasia caused variable language abnormalities, and it was not correlated with the lesion site or etiology. Subcortical aphasia was found to have different features of language profile from cortical aphasia, and aphasia severity was closely associated with K-MBI.
